Objective: To investigate healthcare resource utilization and changes in functional status in stroke patients during hospitalization in an acute hospital and a rehabilitation hospital. Design: Retrospective cohort study. Setting: One acute and one rehabilitation hospital in Japan. Participants: Patients who were admitted to the acute hospital due to stroke onset and then transferred to the rehabilitation hospital (n = 263, 56% male, age 70 ± 12 years). Main outcome measures: Hospitalization costs and functional independence measure (FIM) were evaluated according to stroke subtype and severity of disability at discharge from the acute hospital. Results: Median (IQR) costs at the acute hospital were dependent on the length of stay (LOS) and implementation of neurosurgery, which resulted in higher costs in subarachnoid hemorrhage [$52 413 ($49 166-$72 606) vs $14 129 ($11 169-$19 459) in cerebral infarction; and vs $15 035 ($10 920-$21 864) in intracerebral hemorrhage]. The costs at the rehabilitation hospital were dependent on LOS, and higher in patients with moderate disability than in those with mild disability [$30 026 ($18 419-$39 911) vs $18 052 ($10 631-$24 384)], while those with severe disability spent $25 476 ($13 340-$43 032). Patients with moderate disability gained the most benefits during hospitalization in the rehabilitation hospital, with a median (IQR) total FIM gain of 16 (5-24) points, compared with a modest improvement in patients with mild (6, 2-14) or severe disability (0, 0-5). Conclusions: The costs for in-hospital stroke care were substantial and the improvement in functional status varied by severity of disability. Our findings would be valuable to organize efficient post-acute stroke care.
Introduction
Stroke is one of the leading causes of mortality worldwide, and the burden of stroke is great and increasing in terms of disabilityadjusted life-years lost [1, 2] . The projected number of stroke patients will remain at >2.8 million until 2030 in Japan despite a decrease in total population [3] . The economic burden of cerebrovascular disease is also considerable: the direct medical cost was $17 billion in Japan [4] .
Stroke care consists of acute, rehabilitation and long-term care provided in various settings, including inpatient, outpatient, community-based and informal care, and often in combination. Approximately 40% of stroke survivors are left with functional impairment [5] , and rehabilitation is key to facilitating patients' independence after stroke and to helping them cope with their disabilities. A number of management strategies for stroke patients have been introduced and evaluated from health outcomes and economic perspectives [6] [7] [8] . An appropriate selection of a rehabilitation setting meeting the needs of the individual patients is essential for delivering cost-effective rehabilitation services [7] [8] [9] [10] [11] . Stroke severity is the most powerful predictor of ability to participate in and benefit from stroke rehabilitation, and can be a major determinant of patient disposition after acute care [9] .
At present, in Japan, after stroke patients undergo acute care including neurosurgery, rehabilitation is generally initiated early in acute hospitals. Then, some patients are transferred to rehabilitation hospitals to receive further rehabilitation over several months. In this study, we aimed to investigate healthcare resource utilization and changes in functional status during consecutive inpatient stroke care including acute care and inpatient rehabilitation.
Methods

Study design and setting
This retrospective cohort study used data derived from medical records and inpatient claims from an acute hospital (Kurashiki Central Hospital, Okayama, Japan) and a rehabilitation hospital (Kurashiki Rehabilitation Hospital, Okayama, Japan). The acute hospital serves~800 000 citizens with over 1000 inpatient beds and a stroke care unit, and the rehabilitation hospital is one of the major dispositions from the acute hospital. The research protocol was approved by the ethical review boards at Kyoto University and both hospitals.
Patients
All stroke patients who were admitted to the acute hospital between April 2008 and August 2012 were screened, and patients who received further inpatient rehabilitation in the rehabilitation hospital were selected for the study. Patients were followed up from admission to the acute hospital until the end of planned inpatient rehabilitation in the rehabilitation hospital or censoring due to death or loss to follow-up, e.g. transferring to other hospitals. Patients undergoing rehabilitation needing repeat admission and discharge between the two hospitals for stroke-related interventions, recurrences of stroke (including transient ischemic attacks), gastrostomy or pneumonia before completion of the predefined rehabilitation plans were continuously followed up. Patients were counted twice if they were admitted to the acute hospital with another stroke onset after stroke care for the previous stroke event had been completed. Patients requiring treatment for cancer during the follow-up period and patients developing stroke during a stay in the acute hospital for other medical reasons were excluded.
Main measurements
Primary diagnosis of stroke subtype (cerebral infarction, CI; intracerebral hemorrhage, ICH and subarachnoid hemorrhage, SAH) was determined for each patient. Demographics of patients, including age, sex, lifestyle variables, comorbidities, scores for the Japan Coma Scale (JCS), a measure of disturbed consciousness commonly used in Japan [12] , at admission to the acute hospital, and modified Rankin Scale (mRS) at discharge from the acute hospital were collected. Neurosurgical procedures undergone and the total time spent in rehabilitation were examined. Outcome measures included length of stay (LOS), functional independence measure (FIM) and hospitalization costs. The FIM scores on the dates closest to admission and discharge were collected in the rehabilitation hospital, but for some patients ending their follow-up in the acute hospital, the FIM scores at discharge from the acute hospital were alternatively used for the analysis.
The mRS is a global scale for measuring the degree of independence, with scores from 0 (no symptoms) to 5 (severe disability) and 6 (death) [13] . We classified patients into three severity levels based on the scores of mRS: mild (mRS 1 and 2), moderate (mRS 3 and 4) and severe disabilities (mRS 5). The FIM employs 13 motor and 5 cognitive items, with scores from 1 (total assistance) to 7 (complete independence) [14] , and is the most widely accepted functional assessment measure used in the rehabilitation community [15] . We evaluated patients' premorbid independence based on the FIM scores for eating, toileting and walking, and patients with scores of 6 or 7 in all three items were considered independent.
Cost analyses were performed from the payer perspective based on inpatient claims. The acute hospital used a diagnosis procedure combination/per-diem payment system, and costs for surgery, including neurosurgery and other surgical procedures, and rehabilitation were separately calculated. The rehabilitation hospital used a fee-for-services system, and we identified costs for rehabilitation separately. Costs in Japanese yen were converted to US dollars based on the average of purchasing power parities between 2008 and 2012 ($1 = ¥111) [16] . Inflation during the study period was not considered.
Analysis
Characteristics of the study cohort were described. Resource utilization and clinical outcomes were compared by stroke subtype (CI, ICH and SAH) or severity based on the mRS (mild, moderate and severe). Stratified analyses according to age (<65 and ≥65 years) were performed in patients with CI and ICH and in patients with mild and moderate disabilities. No stratified analysis was conducted in patients with SAH or severe disability due to the small sample sizes. For threegroup comparisons, continuous variables were compared by the analysis of variance or the Kruskal-Wallis test, and categorical variables were compared by the chi-square test. We then performed Tukey's test, or Wilcoxon rank-sum test or chi-square test with Bonferroni correction to identify the differences between groups. For stratified analyses by age group, Wilcoxon rank-sum test or chi-square test was used. Correlations among costs and LOS were evaluated using Spearman's rank order correlation. All analyses were performed with IBM SPSS Statistics Version 22 (Armonk, NY, USA). A P < 0.05 (or P < 0.017 after Bonferroni correction) was considered statistically significant.
Results
Patient characteristics
During the study period, there were 3135 admissions due to stroke events to the acute hospital. Among these admissions, except for 7 missing data on their dispositions, 1363 (43%) discharged home and 243 (8%) died. The remaining 1522 (49%) were transferred to other hospitals or care facilities.
The study cohort included 263 patients who underwent treatment in the acute hospital, followed by admission to the rehabilitation hospital (Table 1) . Mean age was 70 years (SD 12 years) and 146 (56%) were male. The stroke subtypes of the patients were CI in 166 patients (63%), ICH in 70 patients (27%) and SAH in 27 patients (10%). One-third of the patients had previous stroke events before the current hospitalization. The most frequently reported comorbidity was hypertension (71%), followed by diabetes (23%) and dyslipidemia (19%). Most patients (89%) were independent in daily life before the current stroke onset. Consciousness levels based on the JCS at admission to the acute hospital were alert in 49 patients (19%), disoriented but awake in 148 patients (56%), arousable with stimulation in 46 patients (17%) and unarousable in 20 patients (8%). Two-thirds of the patients discharged home, and two patients (0.8%) died during the follow-up period.
Outcomes by stroke subtype
The total costs and LOS for CI, ICH and SAH were $36 449 and 110 days, $47 812 and 139 days, and $80 719 and 145 days, respectively ( Table 2 ). The cost at the acute hospital was the highest for SAH patients ($52 413 in 53 days), due to these patients having the highest rate of neurosurgery and the longest LOS. The costs and LOS at the acute hospital were comparable between CI ($14 129 in 29 days) and ICH patients ($15 035 in 31 days). Positive correlations were observed between costs and LOS for all stroke subtypes during hospitalization at the acute hospital (CI: r = 0.89, ICH: r = 0.80, SAH: r = 0.75, all P < 0.001). The costs and LOS for CI, ICH and SAH at the rehabilitation hospital were $22 571 in 84 days, $29 757 in 107 days, and $25 887 in 98 days, respectively. Strongly positive correlations were observed between costs and LOS for all stroke subtypes (all r > 0.9, all P < 0.001). The total FIM scores increased from 84 to 102 in CI, 74 to 102 in ICH and 80 to 96 in SAH during hospitalization at the rehabilitation hospital.
Outcomes by severity of disability
The scores of mRS at discharge from the acute hospital were 1 in 20 patients (8%), 2 in 54 patients (21%), 3 in 63 patients (24%), 4 in 103 patients (39%) and 5 in 22 patients (8%), with 1 patient's data missing. The total costs and LOS for patients with mild, moderate and severe disabilities were $32 402 in 95 days, $49 135 in 139 days and $52 932 in 155 days, respectively (Table 3) . Patients with severe disability had the longest LOS and highest cost in the acute hospital ($25 271 in 47 days), while these were comparable between patients with mild ($13 547 in 29 days) and moderate disabilities ($15 925 in 31 days). In the rehabilitation hospital, patients with moderate disability consumed more costs and spent longer time in rehabilitation than patients with mild disability ($30 026 vs $18 052, P < 0.001; and 171 h vs 102 h, P < 0.001), but there were no significant differences between patients with moderate and severe disabilities ($30 026 vs $25 476; and 171 h vs 121 h). Strong correlations were observed between costs and LOS in the acute or rehabilitation hospitals for all levels of severity (acute hospital: all r > 0.8, all P < 0.001, and rehabilitation hospital: all r > 0.9, all P < 0.001). The total FIM gain was higher in patients with moderate disability (16 points gain) than in those with mild (6 points gain) or severe disability (0 points gain). On the per day basis, the rehabilitation time and the costs for patients with mild, moderate and severe disabilities were 1.5 h and $269, 1.6 h and $278, and 1.3 h and $250, respectively, at the rehabilitation hospital.
Analyses by age group
Some age differences were observed in costs and functional status. In ICH patients, patients aged ≥65 years had higher total cost ($50 420 vs $40 064 for patients <65 years, P = 0.039) and longer LOS (144 vs 128 days, P = 0.017) (Supplementary Table S1 ). In both stroke subtypes, patients aged ≥65 years had a lower total FIM at admission (CI 79 vs 113, P < 0.001; and ICH 58 vs 92, P < 0.001) and at discharge (CI 94 vs 120, P < 0.001; and ICH 82 vs 114, P < 0.001). In patients with mild disability, patients aged ≥65 years had a longer LOS in total (105 vs 87 days, P = 0.028) and in the rehabilitation hospital (74 vs 63 days, P = 0.042), and higher costs in the rehabilitation hospital ($20 134 vs $15 863, P = 0.048) (Supplementary Table S2 ). In patients with either mild or moderate disability, patients aged ≥65 years had a lower total FIM at admission (mild 101 vs 119, P < 0.001; and moderate 73 vs 82, P = 0.015) and at discharge (mild 114 vs 122, P < 0.001; and moderate 86 vs 103, P = 0.002).
Discussion
In this study, we characterized stroke patients who underwent inpatient rehabilitation after discharge from an acute hospital from two aspects: healthcare resource utilization and changes in functional status. Hospitalization costs per patient based on real-world data were substantial, and highly depended on LOS. Costs at the acute hospital were also dependent on whether or not the patient underwent neurosurgery, which would explain the higher costs in SAH patients. The cost differences for acute care by stroke subtype were also observed in previous studies. Higher costs in SAH patients were in line with findings from studies in the US, despite LOS being shorter in those studies [17, 18] . Our results showed similar costs in the acute hospital in CI and ICH patients although a study conducted from 2000 to 2001 in Japan showed higher costs in ICH patients than CI patients for acute care [19] . This discrepancy may be partly explained by differences in the characteristics of the study cohorts: thus, our cohort included patients who required subsequent inpatient rehabilitation and did not include those directly discharged home from the acute hospital. Based on our results, patients with moderate disability showed the greatest improvements in FIM scores during subsequent inpatient rehabilitation, while those with mild or severe disability had only modest increases in FIM. Taking into account the substantial costs of stroke care for patients with mild and severe disabilities in our study cohort, we might have to consider efficient care settings suitable for these patients. The limited improvements in patients with mild disability could be attributed to the ceiling effects [9] . In Canada, inpatient rehabilitation for patients with mild disability is not recommended, with outpatient or community-based rehabilitation considered to be more cost-effective for this population [10, 20] . For patients with severe disability, further discussion is needed to select or establish rehabilitation settings based on comprehensive considerations from not only clinical and economic but ethical aspects [21] .
Potential candidates of inpatient rehabilitation can be determined based on severity, but actually, the severity of patients who underwent inpatient rehabilitation has been shown to vary among facilities both within a country and across countries [22] [23] [24] . A range of factors might affect the decision, including individual patient factors, cultural expectations, levels of family support, living conditions, healthcare delivery system for acute and rehabilitative care, availability of rehabilitation services (inpatient or alternative) and health insurance [11, 20, [25] [26] [27] [28] . These variations among countries and hospitals may also limit generalizability of the findings from a setting where the study was conducted to other settings with different healthcare systems.
One of the major limitations of this study would be attributed to the investigation of a single combination of acute and rehabilitation hospitals. The selection of the rehabilitation hospital after discharge from the acute hospital was performed irrespective of the characteristics of patients, including stroke subtype, age, sex or degrees of disability at discharge. The outcomes such as LOS and FIM in this study were similar with those in a previous nationwide survey in Japan [29] . However, the applicability of our findings to different stroke care settings should be carefully considered, since variations of stroke care and costs by regions or type of hospitals have been reported [30, 31] . Next, due to the retrospective nature of this study, our analyses depended on the accuracy and completeness of the raw data. Claims data were compiled for reimbursement purposes, and the cost information was likely validated. We also examined medical records carefully for this study, which allowed us to perform in-depth evaluation of clinical outcomes, including severity based on the FIM scores [32, 33] . Finally, our results might be affected by confounders such as patients' comorbidities, caregivers' situations and patients' care preferences, although we presented the results stratified by some major factors, including severity and age [9] . Further studies, including a larger population from various healthcare settings, are required to establish better management strategies for stroke patients.
In conclusion, this study showed considerable healthcare resource utilization for inpatient stroke care in the context of Japanese healthcare system. Our data highlight the different degrees of improvement in functional status and hospitalization costs among severity levels. The findings from our study suggest potentially substantial room to improve cost-effectiveness in management of postacute stroke care, and our results will greatly aid clinical professionals and policymakers in establishing optimal rehabilitation settings and ensuring appropriate healthcare resource allocation in the face of the rapid growth of the elderly population. HP, hospital; USD, United States Dollars. Number of patients (%) or median (IQR) is shown, except for age (mean ± SD). FIM gain values were calculated by subtracting the first FIM score from the last FIM score for each patient. a n = 255 (7 missing values).
